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Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) FROM 
THE MAILING DATE OF THIS COMMUNICATION. 

- Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed 
after SIX (6) MONTHS from the mailing date of this communication. 

- tf the period for reply specified above is less than thirty (30) days, a reply within the statutory minimum of thirty (30) days will be considered timely. 

- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication. 

- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133). 

- Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any 
earned patent term adjustment. See 37 CFR 1.704(b). 

Status 

1 )E3 Responsive to communication(s) filed on 05 September 2003 . 

2a)l3 This action is FINAL. 2b)D This action is non-final. 

___JJ)Q_Sjn^thi^ — 
closed in accordance with the practice under Ex parte Quayle, 1935 CD. 11, 453 O.G. 213. 

Disposition of Claims 

4) El Claim(s) 1-47.55 and 65 is/are pending in the application. 

4a) Of the above claim(s) is/are withdrawn from consideration. 

5) H Claim(s) 65 is/are allowed. 

6) M Claim(s) 1-36.41-47 and 55 is/are rejected. 

7) [3 Claim(s) 37^39 is/are objected to. 

8) D Claim(s) are subject to restriction and/or election requirement. 

Application Papers 

9) D The specification is objected to by the Examiner. 

10) D The drawing(s) filed on is/are: a)D accepted or b)D objected to by the Examiner. 

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d). 

11) D The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152. 
Priority under 35 U.S.C. §§119 and 120 

12) D Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 1 19(a)-(d) or (f). 

a)DAII b)D Some*c)D None of: 

1 .□ Certified copies of the priority documents have been received. 

2. D Certified copies of the priority documents have been received in Application No. . 

3. D Copies of the certified copies of the priority documents have been received in this National Stage 

application from the International Bureau (PCT Rule 17.2(a)). 
* See the attached detailed Office action for a list of the certified copies not received. 

13) D Acknowledgment is made of a claim for domestic priority under 35 U.S.C. § 119(e) (to a provisional application) 

since a specific reference was included in the first sentence of the specification or in an Application Data Sheet. 
37 CFR 1.78. 

a) □ The translation of the foreign language provisional application has been received. 

14) D Acknowledgment is made of a claim for domestic priority under 35 U.S.C. §§ 120 and/or 121 since a specific 

reference was included in the first sentence of the specification or in an Application Data Sheet. 37 CFR 1.78. 
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DETAILED ACTION 

This office action is in response to the amendment filed on 9-5-03. Claims 1-47, 55, and 
65 are pending. 

Claim Rejections - 35 USC § 102 

The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form the 
basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent u nless- 

(a) the invention was known or used by others in this country, or patented or described in a printed 
publication in this or a foreign country, before the invention thereof by the applicant for a patent. 

(b) the invention was patented or described in a printed publication in this or a foreign country or in public 
use or on sale in this country, more than one year prior to the date of application for patent in the United 
States. 

(e) the invention was described in (1 ) an application for patent, published under section 122(b), by another 
filed in the United States before the invention by the applicant for patent or (2) a patent granted on an 
application for patent by another filed in the United States before the invention by the applicant for patent, 
except that an international application filed under the treaty defined in section 351(a) shall have the effects 
for purposes of this subsection of an application filed in the United States only if the international application 
designated the United States and was published under Article 21(2) of such treaty in the English language. 

Claims 1-3, 5, 8-29, and 41-47 are rejected under 35 U.S.C. 102(e) as being 

anticipated by U.S. Pat. No. 6,011,404 ("Ma"). 

Ma teaches improved corona oxide semiconductor (COS) processes that permit 
measurement of tunneling characteristics in addition to conventional mobile charge 
contamination determination that was afforded by conventional COS (col. 2, II. 34-46; col. 3, II. 
5-1 5). Ma teaches COS techniques for measuring mobile charge in the oxide due to metal 
contamination (col. 6, II. 37-43) that are similar to those disclosed by Edelman and include: 
corona charge, heat cycles for temperature stress measurements, and surface voltage drop 
measurements. In addition to measuring mobile charge, tunneling field is measured using the 
non-contact COS techniques to complete the established metrics for dielectrics (col. 2, II. 34-46 
and col. 11, II. 33-36). 

The overall process of Ma comprises: 
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(1 ) depositing charge on an oxide layer (initial corona charging step); 

(2) thermally stressing the oxide to redistribute mobile charges that are under the 
influence of the deposited charge within the oxide; 

(3) measuring the surface voltage change; 

(4) obtaining the mobile charge from the measured change in surface voltage to 
determine the amount of metal contamination (surface voltage drop that is directly proportional 

to the a mount of mobile charge dumg h^ 

pulled" across the oxide; col. 6, II. 37-43); 

(5) measuring the tunnel voltage of the oxide ffl bridging cols. 3-4; col. 1 1 , II. 1-56; claim 
21); and 

(6) determining the total oxide charge fluence, which is a function of bulk oxide impurities 
("[iron] severely affects oxide integrity by lowering breakdown voltage as a function of iron 
concentration" col. 7, II. 5-6; "Bulk oxide impurities can lower E tun by introducing hopping 
conduction paths in the oxide" col. 10, II. 63-65; and "[t]unneling field plots can be analyzed to 
determine the total oxide charge fluence (i.e., the amount of charge that actually flows through 
the oxide during the E tun test)," col. 1 1 , II. 38-40). 

Claim 1 reads on Ma as follows: A method for detecting metal contamination in a 
dielectric material disposed upon a semiconductor substrate, comprising: annealing 1 the 
semiconductor substrate, wherein annealing the semiconductor substrate is effective to drive 
the metal contamination into the dielectric material (step 2); measuring a tunneling voltage of 
the dielectric material (step 5); and determining a characteristic of the metal contamination in 

1 The term "annealing" is read broadly to cover the heating and cooling used to redistribute contaminants 
for stress measurement. "[D]uring examination proceedings, claims are given their broadest reasonable 
interpretation consistent with the specification." In re Hyatt , 211 F.3d 1367, 1372, 54 USPQ2d 1664, 1667 
(Fed. Cir. 2000) (citing In re Graves . 69 F.3d 1147,1152, 36 USPQ2d 1697,1701 (Fed. Cir. 1995); In re 
Etter, 756 F.2d 852, 858, 225 USPQ 1, 5 (Fed. Cir. 1985) (en banc)). Claim 6, which depends from claim 
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the dielectric material, wherein the characteristic is a function of the measured tunneling voltage 
(step 6). 

Claim 2. The method of claim 1 , wherein the annealed dielectric material is substantially 
free of damage (Ma is a non-contact process with a low temperature anneal-200 to 250°C). 

Claim 3. The method of claim 1 , wherein annealing the semiconductor substrate 
comprises heating the semiconductor substrate to an annealing temperature, and wherein the 

metal contamination c omprises.oneJvpe-otmetal-contamination^the-heating-occurs-after 

charge is deposited; iron is one type of metal contamination; see treatment .of claim 1 ). 

Claim 5. The method of claim 1 , wherein annealing the semiconductor substrate 
comprises heating the semiconductor substrate to an annealing temperature of less than 
approximately 1 100 °C (the annealing temperature is 200-250°C; col. 6, II. 37-43). 

Claim 8. The method of claim 1 , wherein measuring the tunneling voltage comprises 
depositing a charge on an upper surface of the dielectric material, and wherein depositing the 
charge comprises using a non-contact corona charging technique (col. 8, II. 4-6). 

Claim 9. The method of claim 1 , wherein measuring the tunneling voltage comprises 
depositing a charge on an upper surface of the dielectric material, and wherein the deposited 
charge comprises approximately 1x10-6 C/cm2 to approximately 1x10-4 C/cm2 for positive 
tunneling voltage ("9E-6 C/cm 2 "; col. 11, II. 1-5). 

Claim 10. The method of claim 1, wherein measuring the tunneling voltage comprises 
depositing a charge on an upper surface of the dielectric material, and wherein the deposited 
charge comprises approximately -1x10-6 C/cm2 to approximately -1x10-4 C/cm2 for negative 
tunneling voltage (see treatment of claims 8 and 9). 



1, distinguishes over Ma in this aspect by requiring "an annealing temperature of approximately 350 °C to 
approximately 500 °C." 
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Claim 1 1 . The method of claim 1 , wherein measuring the tunneling voltage comprises: 
depositing a charge on an upper surface of the dielectric material; waiting for a predetermined 
period of time after depositing a charge on an upper surface of the dielectric material; and 
determining the tunneling voltage (the heating step necessarily takes time; see treatment of 
claim 1). 

Claim 12. The method of claim 1, wherein measuring the tunneling voltage comprises 

depositing.a charge on-an upper surface of-the dieleGtriG-material r and-wherein-depositing-a 

charge on an upper surface of the dielectric material comprises depositing the charge on 
predetermined regions of the upper surface of the dielectric material (Fig. 3A). 

Claim 13. The method of claim 1, wherein measuring the tunneling voltage comprises 
depositing a charge on an upper surface of the dielectric material, and wherein depositing the 
charge on the upper surface of the dielectric material comprises depositing the charge on a 
portion of the upper surface or on substantially the entire upper surface (Fig. 3A). 

Claim 14. The method of claim 1, wherein measuring the tunneling voltage of the 
dielectric material comprises using a non-contact work function measurement technique (see 
treatment of claim 1 ; Ma is clearly non-contact and measuring voltage changes as mobile ions 
are "pushed or pulled" is clearly a work function method). 

Claims 15-19, 21 , 25-29, and 45-46. Ma teaches making tunneling field plots which 
involve multiple measurements of tunneling voltage (col. 11, II. 23-55). 

Claim 20. The method of claim 1 , further comprising determining a tunneling field of the 
dielectric material, wherein the tunneling field is a function of the tunneling voltage (col. 11, II. 1- 
36). 

Claim 22. The method of claim 1, wherein the characteristic of the metal contamination 
further comprises a function of a temperature of the annealing of the semiconductor substrate. 
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(This property is inherent in Ma; the claim does not require anything more than the property be 
present.) 

Claim 23. The method of claim 1, wherein the characteristic of the metal contamination 
further comprises a function of an amount of the deposited charge, (col. 1 1 , II. 6-22) 

Claim 24. The method of claim 1, wherein determining the characteristic of the metal 
contamination in the dielectric material comprises determining a characteristic of at least two 
-typesof-metal-contamination.in4he dielectric material-(see-treatment-of-claim 4): 

Claim 41. The method of claim 1, wherein the dielectric (12; Fig. 1) material comprises 
silicon dioxide, silicon nitride, or silicon oxynitride. 

Claim 42. The method of claim 1, wherein the semiconductor substrate (10, Fig. 1) 
comprises monocrystalline silicon, silicon germanium, or gallium arsenide. 

Claim 43. The method of claim 1, wherein the metal contamination comprises copper 
(col. 7, II. 49-57). 

Claim 44. The method of claim 1, wherein the metal contamination comprises iron, 
chromium, cobalt, or aluminum (col. 7, II. 49-57). 

Claim 47 reads on Ma as follows: A method for increasing degradation of a dielectric 
material resulting from metal contamination, comprising: generating electrical stress in the 
dielectric material, wherein the dielectric material is disposed upon a semiconductor substrate 
(depositing a corona charge); and heating the semiconductor substrate subsequent to 
generating electrical stress in the dielectric material (thermal cycles associated with metal 
contamination detection). 

Claim Rejections - 35 USC § 103 

The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 
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(a) A patent may not be obtained though the invention is not identically disclosed or 
described as set forth in section 102 of this title, if the differences between the subject 
matter sought to be patented and the prior art are such that the subject matter as a 
whole would have been obvious at the time the invention was made to a person having 
ordinary skill in the art to which said subject matter pertains. Patentability shall not be 
negatived by the manner in which the invention was made. 

Claims 1-6, 8-35, 41-47, and 55 are rejected under 35 U.S.C. 103(a) as being 

unpatentable over U.S. Pat. No. 6,569,691 ("Jastrzebski") in view of Ma. 

Jastrzebski teaches a noncontact technique for measuring multiple ion concentrations in 
a^silicon dioxide layer. Specifically, Jastrzebski deals with the problem of copper deposited on 
the oxide surface and penetrating into the silicon oxide layer during annealing at temperatures 
of between 400-500°C in the presence of alkaline impurities (col. 1 , II. 9-29). An advantage of 
Jastrzebski is that different mobile ion concentrations can be measured (col. 2, II. 35-36). Figs. 
8A-8F show a sequence in which two different metal ion concentrations are measured using a 
noncontact methodology. 

Claim 1 corresponds to Jastrzebski as follows (underlining omissions): A method 
for detecting metal contamination in a dielectric material disposed upon a semiconductor 
substrate, comprising: annealing the semiconductor substrate, wherein annealing the 
semiconductor substrate is effective to drive the metal contamination into the dielectric material 
(400-500°C anneals that give rise to copper contamination problem); [Jastrzebski uses a 
noncontact method to determine the mobile ion concentrations; Fig. 8A-8F] 2 ; measuring a 
tunneling voltage of the dielectric material; and determining a characteristic of the metal 
contamination in the dielectric material, wherein the characteristic is a function of the measured 
tunneling voltage. 



2 This mobile ion concentration determination step is not required by the claims, although it is permitted 
by them, and is only inserted to underscore what is taught by Jastrzebiski. 
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Jastrzebski measures only mobile ion concentration of the copper and alkali ions in the 
oxide layer, and does not teach measuring the tunneling voltage as required by the claims. 

Ma is discussed above. Ma generally teaches that measuring tunneling voltage in 
addition to conventional mobile charge contamination (mobile ion concentration) is 
advantageous to complete the established metrics (including charge fluence determination) for 
dielectrics using a single COS system. (Ma, col. 11, II. 37-41). 

Jasti7ebski_and_Ma-are-withinJhe-same-field-of-endeavor--non-contact-measurement — — 

processes for characterizing semiconductor wafers. 

It would have been obvious to one of ordinary skill in the art at the time of the invention 
to measure the tunneling voltage of the dielectric material and use it to determine the charge 
fluence in the process of Jastrzebski. One of ordinary skill in the art would have been motivated 
to do this to complete the established metrics for dielectrics using a single COS system as 
taught by Ma. 

Claims 1-3, 5, 8-29, and 41-47 are met by Ma as discussed above. These claims also 
read on the subject matter of Jastrzebski in view of Ma, except here, the step 1 of annealing 
taught by Jastrzebski reads on "annealing the semiconductor substrate" whereas the 
subsequent steps are taught by Ma as discussed above. 
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Claim 4. The method of claim 1 , wherein the metal contamination comprises at least two 
types of metal contamination (Jastrzebski teaches copper and alkali contamination as discussed 
above). 

Claim 6. The method of claim 1 , wherein the metal contamination comprises copper, and 
wherein annealing the semiconductor substrate comprises heating the semiconductor substrate 
to an annealing temperature of approximately 350 °C to approximately 500 °C (Jastrzebski, col. 
1 , II. 9-29) : — — 

Claim 22. The method of claim 1 , wherein the characteristic of the metal contamination 
further comprises a function of a temperature of the annealing of the semiconductor substrate. 
(This property is inherent in Jastrzebski; the claim does not require anything more than the 
property be present.) 

Claim 30. The method of claim 1, further comprising annealing the semiconductor 
substrate subsequent to depositing the charge on an upper surface of the semiconductor 
substrate. (Jastrzebski, Figs. 8A-8f). 

Claim 31-32 and 35. The method of claim 30, further comprising heating the 
semiconductor substrate to an annealing temperature of less than approximately 120 °C. 
Jastrzebski teaches 150°C which is approximately 120°C. The specification moreover does not 
prove the criticality of this range. Both temperatures are used as temperature stress bias 
temperatures and the time and specific ion as well as temperature affects ion mobility. One of 
ordinary skill in the art would have appreciated that lowering the temperature would increase the 
amount of time particular ions take to transport across the oxide and would have been 
motivated to decrease the temperature where necessary to achieve a desired separation in the 
process of Jastrzebski. 
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Claim 33. The method of claim 1, further comprising generating electrical stress in the 
dielectric material and heating the semiconductor substrate subsequent to generating the 
electrical stress in the dielectric material (Jastrzebski, Figs. 8A-8f). 

Claim 34. The method of claim 33, wherein generating electrical stress comprises using 
a non-contact corona charging technique, and wherein the electrical stress comprises 
approximately -1 x 10-3 C/cm2 to approximately +1 x 10-3 C/cm2. (Ma teaches a charge of 
—0r74E-8-C/cm2-(Ma r coU 5^11,-1 5) r which-is-within-the-claimed-ranger) 

Claim 55. A method for determining a characteristic of metal contamination in a dielectric 
material disposed upon a semiconductor substrate, comprising: 

annealing the semiconductor substrate prior to depositing a charge on an upper surface of the 
dielectric material, wherein annealing the semiconductor substrate is effective to drive the metal 
contamination into the dielectric material (Jastrzebiski; copper contamination from annealing); 
depositing a charge upon the upper surface of the dielectric material (Jastrzebiski; Figs. 8A-8F); 
annealing the semiconductor substrate subsequent to depositing a charge on the upper surface 
of the dielectric material (Jastrzebiski; Figs. 8A-8F); measuring a tunneling voltage of the 
dielectric material (Ma; measuring tunneling voltage); and determining a characteristic of the 
metal contamination in the dielectric material, wherein the characteristic is a function of the 
measured tunneling voltage (Ma; determining charge fluence). 

Claim 7 is rejected under 35 U.S.C. 103(a) as being unpatentable over Ma in view 
of Edelman. 

Ma is discussed above. Ma teaches a heating or annealing step (step 2: thermally 
stressing), but does not teach "wherein annealing the semiconductor substrate comprises 
heating the semiconductor substrate for a period of time, and wherein the period of time 
comprises approximately one minute to approximately thirty minutes." 
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Edelman teaches a COS process for measuring mobile ion concentration in an oxide 
layer wherein a thermal stressing step is carried out for 4 minutes; col. 6, II. 56-59. 

It would have been obvious to one of ordinary skill in the art at the time of the invention 
to carry out the thermally stressing step for 4 minutes in the process of Ma. One of ordinary skill 
in the art would have been motivated to use a conventional thermal stressing duration taught by 
Edelman since Ma does not teach a time period for this step and Ma and Edelman are similar 
proc esses. 

Claim 36 is rejected under 35 U.S.C. 103(a) as being unpatentable over 
Jastrzebiski in view of Ma as applied to claim 33 above, further in view of Edelman. 

Claim 36. The method of claim 33, wherein heating the semiconductor substrate 
comprises heating the semiconductor substrate for a period of time of approximately one minute 
to approximately thirty minutes. The reasons for rejecting claim 36 are analogous to that in the 
rejection of claim 7 under 35 U.S.C. 103(a) as being unpatentable over Ma in view of Edelman 
set forth above. 

Allowable Subject Matter 

Claim 65 is allowed. 

Claims 37-39 are objected to as being dependent upon a rejected base claim, but 
would be allowable if rewritten in independent form including all of the limitations of the 
base claim and any intervening claims. 

Claim 37 and 38-39, which depend from claim 37: 

Claim 37. The method of claim 1, further comprising determining a presence of 
particulate contamination on the dielectric layer, wherein the presence of particulate 
contamination is a function of the measured tunneling voltage. None of the references of record 
teach or motivate applying the processes in Jastrzebski, Ma, or Edelman to determining a 
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presence of particulate contamination on the dielectric layer. Claim 65 is allowed for the same 
reason as claim 37. 

Suggested Amendment for Claims 1 . 47, and 55. 

The following amendment would place the application in condition for allowance: 

Claim 1, lines 6-7, replace wherein the characteristic is" with -as-. 

Claim 47, lines 8-9, replace ",wherein the characteristic is" with -as--. 
CLajjTL55Jines^ 

The forgoing proposed amendment more clearly defines over Ma which teaches 
measuring both a characteristic of metal contamination and a tunneling voltage, but does not 
teach determining a characteristic of the metal contamination in the dielectric material as a 
function of the measured tunneling voltage. 

Response to Arguments 

Applicant's arguments filed 9-5-03 have been fully considered but they are not 
persuasive. 

Applicant argues that "Ma does not disclose determining a characteristic of metal 
contamination in a dielectric material as a function of the measured tunneling voltage" (9-5-03 
response, page 1 1 ). However the claim merely states "determining a characteristic of the metal 
contamination in the dielectric material, wherein the characteristic is a function of the measured 
tunneling voltage." Ma detects metal contamination and metal contamination is a function of the 
measured tunneling voltage. Ma also detects tunneling voltage, apparently for the sake of 
measuring tunneling voltage, but not as a proxy for determining metal contamination. The last 
clause of claims 1, 47, and 55 fail to distinguish Ma since both conditions of that clause are met 
by Ma. 
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Conclusion 



THIS ACTION IS MADE FINAL Applicant is reminded of the extension of time policy as 
set forth in 37 CFR 1.136(a). 

A shortened statutory period for reply to this final action is set to expire THREE 
MONTHS from the mailing date of this action. In the event a first reply is filed within TWO 
MONTHS of the mailing date of this final action and the advisory action is not mailed until after 
the end of the THREE-MONTH shorte ned statutor y perigdJhenJhe-Shortened statutory period - 
will expire on the date the advisory action is mailed, and any extension fee pursuant to 37 
CFR 1.136(a) will be calculated from the mailing date of the advisory action. In no event, 
however, will the statutory period for reply expire later than SIX MONTHS from the mailing date 
of this final action. 

Any inquiry concerning communications from the examiner should be directed to Jeff 
Vockrodt at (703) 306-9144 who can be reached on weekdays from 9:30 am to 5:00 pm EST. If 
attempts to reach the examiner by telephone are unsuccessful, the examiner's supervisor, Amir 
Zarabian, can be reached at (703) 308-4905. 

The fax number for this group is 703-872-9306. Any inquiry of a general nature or 
relating to the status of this application or proceeding should be directed to the receptionist at 
(703) 308-0956. 

December 1 , 2003 
J. Vockrodt 






